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(54) Title: DEVICE AND METHOD FOR TRANS MYOCARDIAL REVASCULARIZATION 
(57) Abstract 

A device (22) for insertion into the heart wall (23) 
suited far Trans Myocardial Revascularization (TMR) provid- 
ing means for the delivery fcom the heart chamber into the 
hear wall (25) of blood nutrients. The device (22) has a hoi- 
low cylindrical body (21) cociaining a cavity and side pons 
(23) s-Mated within that cavity. The cavity b in fluid commu- 
nication with the heart chamber. The side part* (23) are in Auid 
communication with the heart will (25). Distal and proximal 
end regions of me device (22) provide means (65) to secure 
the device In the heart wall. In addition, a system (36) for the - 
insertion of the device (22) including a tubular body (40) and 
s needle point (<J) is disclosed, A rnemod for TMR induces 
the nrps of displacement of myocardial uuue, or creation of a 
channel in that tissue, and placement into heart wall (25) of i 
stent (22) in the space generated by displaced tissue or channel 




FOR THE PURPOSES OF INFORMATION ONLY 



VfiJEtj^Z pan, to the PCT on i* ftoac p,ga of p^phte pubfchinj ta^.ta,. 



AM 


Amatia 


CB 
CC 


AT 
AU 


AsraU 


OB 
BZ 


B«rt«fcm 
BeUha 


on 

GR 


Br 

BC 


BortMifco 


KU 

tr 


u 


Bait 
Bmfl 


rr 
ir 


BY 


6dm 


KL 
KG 


CA 


Cauda 


CP 


CewnJ Africw lUpmUfc 


KP 


cc 


CflRfO 




CH 




ICR 

JCZ 

LI 

LK 

LK 

LT 

LU 

LV 


a 




CM 


Cvncocs 


Gi 


Clint 


C3 




cz 


Cart JUpobOe 


DC 
OK 




££ 


ttomu* 
Eogrut . 


MC 


ZS 


Spun 


MO 
MG 
ML 


FT 
F* 


FbJo4 
Prior* 


CA 


Gabon 


MN 
MX 



Georgia 



ndy 
Kaafa 

Ocmoenlic fcopie'i RtoabBe 
of Kara 

RcpabQc at Xm 



SriLnfa 
Liberia 



Uaoabourj 

Lsvia 

Monies 

RcT^Ge erf VfaUo*, 

vac 

MsttfaTa 
Mtarittcu 



MW 




MX 


Mako 


KB 


Nlfo 


NL 




NO 




NT 


NevZetftsrf 


PL 




rr 




xo 


tanu« 


RU 


luiUa RodeniJaD 


SD 


iudan 


JB 




SG 


Siagapare 


31 




5K 


Xfcvttlt 


SN 




SZ 


Swuitad 


TD 


Qua 


TG 


Tojo 


T3 




TT 


Ttwfciid end Tob^o 


UA 




UG 


Ufttdt 


US 




uz 




VN 





WO 97/32551 

PCT/US97/03523 



Device and Method for Trans Myocardial Revasculaxizat 



xon 



Assignee: Energy Life Systems Corporation. Costa MeS a 
California. ' 



Technical Field: 

This invention U generally directed to the fields of cardiac 
?t inteCVentional "Oology, and particularly to 
mechanical devzces and methods suited for improving blood flow 
co the heart muscle by Trans Myocardial Revascularization (toe. 
Background of the invention: ' 

°" 1U3iV ' COr ° naiy T disM " Ch « *« not 
respond to medzcal or interventional treatment is a major 

challenge for cardiac surgeons and cardiologists. The discovery 

of aznusozdal communications within the myocardium (weams 

has motivated researchers to attempt various methods for 

myocardzal revascularisation based on the existence of thi 

vascular mesh network. These methods aimed at the del'very of 

oxygenated blood to the vicinity of the sponge-like sinusoL 

Several " **** " "» t "*- 1 « ^cardi*. 

dlrecd 1 " TCS " 3 "" S ^ «-«*- » deliver oxygenated blood 
diractly from the left ventricle into the myoeardia! sinusoid 
hy employing needle acupuncture to create transmural channels 

SnLlTT" 31 <«*> - been e^ed 

clinroally (Mzrhoseini. «,„ by utilizing a CO, laser system £ 

Tne. "^""r" 1 ChiImel! ^ le " —-^rjcardi^ 
These channels are typically l mm ia dieter L ext^d 

throughout the vail thickness (1 5 to 30 mm, of the veat-icH I- 

has been hypothesized that TWR works by providing a fluid conduit 

for oxygenated blood to flow f rcm the endooardiac surface "heart 

Chamber, to the ^ocsrdiuo inner layers thus providing £££ 

« » reptiles. Animal studies in the canine model nave 
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demonstrated th. feasibility of this approach. In the „ 

transdural channels and licated coronary arteries 
While clinical studies have demonstrated improvement, <„ 
status followin, «. historical JT^™ 
channels create, £ cr tor tena to cl0 „ ,^y '« T 
procedure. Vomited, prospective clinical CriaTe „e " e 
to examine the merit of TMR compared to medical treason,: 
meantiae. research studies are being initiated TZ' / 
understandin, of the mechanism by whfch TWR actual"^ " 
It vould be desirable to develop means for mainL7 
Patency of t«r cce J ed tTe * ** 

^rthermore. it uould be desirable to cr«t. Z^T^L 
without requiring th. use of an expensive and bulwT a6 ,r " T 
such as the currently available CO, laser systm ™" 
provides the desired means for product lr2 "J*™'™ 
channels that are lively to remaU pat2. anTthT?"" 1 
retire laser application for 3 e„eratin 3 theLe^annTs " "~ 

fflta to is =^enuc myocardial tissue. Nutrient-* *n 
stenced channels fr«m • nutrients flow to the 

caanneis from the ventricular cavity, and <hf*,. * 

ZJtuT ireroach o£ proaucln3 — i.— . 

SSSL et .Tr^th* r * Ce " 

proteo- is "w ' ttat tran.mur.1 channels can 

nrovide ~" er ^ ° =ClUSi ° n ' ^ th "« channels 

"c-atedbv", Pr ° teCtl0n <° "= h ^d tissue than channels 

«.ated by laser. T6 e limitation of needier, channels is e«ly 
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closure (Pifarre, 1969 J . The disclosed stentina »«„ w 

a Possible solution to the early closurV^^ £~ 

Sunnary of the invention: 

This invention provides stent and needle means for r^,- 
staining a patent lumen in the diseased n^Tum Th * ^ 
Provides a conduit for the flow of blooT nu^eTtsT 

ventricular chafer to the intran^ocardialvasX'L T ^ 
stent can be used as th» . „>, vascular network. This 

oe usee as the sole therapy or as an adjunctive ^ 
to other forms of tmr. *Junctive therapy 

Revascularization of the myocardium can be a „. 
maintained by creating scented^ needle-made cbtL T "* 
^cardial tissue. These channels cj "l Uow To ^ 
within the left ventricular cavity to fin dl 

ether.. Hanual or p0tteted KMM _ ^" Med Sl £ t ^T"' - 

"aces at the epicardial surface and orovides n,*^- , 
closure means to prevent e- en r k ' iaes me <*anical 

« prevent s^ent detachment and leait»«f. ~* v, 
from the ventricle ieaxage of blood 



luoincain the flow frcm the v@nt-ri 
"yocardUl ti6 su e o £ blooi nutri.^ ««r «o the 

a m . . tissue. Each stent can essentially ODerat* 

« , ;.:r : t:l houo " — — 1 

*ive; sw...t. Tae stent can be prestreased 
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or made from memory metal in order to minimize the size of the 
stent during the insertion process. 

Brief description of the drawings: 
In the drawings: 

Figure lis a cross- sectional view of a TMR stent inserted i„ « 
heart wall The sent is configured as an expandable coil spri-« 
having an integral anchoring wire. 3 

Figure 2 is a cross -sectional view of a TMR stent: having the 
configuration of a rigid sleeve having side ports. 

Figure 3 is a cross -sectional view of a TMR stent having the 
configuration of a hollow screw with side ports. 

Figure 4 is a cross -sectional view of a TMR stent having the 
configuration of a wire screw. 

Figure 5 is a cross sectional view of a flexible stent havina an 
integral anchoring coil. 

Figure 6 is a cross -sectional view of a TMR stent having the 
configuration of a miniature pump. 

Figure 7 shows a device and method for insertion into the heart 
wall of a TMR stent. 

Figure 8 shows an alternate device and method for insertion into 
the heart wall of a TMR stent. 

Figure 9 shows a catheter device and method utilizing a 
percutaneous access for insertion of a TMR stent into a ne«^e- 
made space within the heart wall. 

Figure 10 shows an alternate catheter device and method utilise 
a percutaneous access for creating a channel in the heart wall" 
and for insertion in this channel cf a TMR stent. 



WO 97/32£5i 

PCT/T/S97/MS23 

5 

Description of preferred embodiments.- 

Figure i shows a flexible Tm stent having a coil SDrino h , . 
fining a cavity 22 ^ s?acin5 23 ^ J < ' 1 
spr.ng body . Ia chis emtoodimeac< Wood ^ of eaid 

S heart chafer 24 to the heart wall 25 by oassace I 6 
spring cavity 22 and spacing 23. An 11^ 3^?^ ^ 
stent to the heart wall. * " Secures tee 

Figure 2 shows a tmr stent which comprises a m,h. , 
« -ity 2 , 6ide ^ 3< ^ S d eS ci a og ~ ^y lf 

embodiment, blood nutrients * ^ li-uJL^L * ^ 
chamber (ventricle) 7 th™,^ ^ • fr0m Che hea « 

the heart wall" * 1 "* Side *«" to 

" Figure 3 shows a whic h is a hollow screw ha ■ 

threaded body cavi Cy 10f side pcrts ^ c J™ ^ a 
15. in this embodiment, blocd nutrients flow^rom feh , 

20 

Figure 4 shows a TWR stent which is a hollow wire se ™ „ 
an elong at ed hollow coil body 16 , side ports " LT h 5 
in this embodiment, blood nutrients floT £1 ' T 
19 to the heart wall ™ h„ 6 heart «*aniber 
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nutrients "j/rr, \ ^ thiS Meed 

«ve 30 is aetxvated and che puling element 31 derates 
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to displace the blood from the pumping cavity 29 through side 
ports 32 to the heart wall 34. 

Figure 7 shows the construction aad method of use of a delivery 
5 device for creating a. pathway in the heart wall and for placement 
of a myocardial stent in this pathway. In this figure, a needle 
obturator 36 carries a stent 35 having an anchoring wire 37. The 
obturator and stent are inserted through the heart wall 38 until 
the endocardiac surface is reached. Additional improvements 
10 include a channel 66 that is placed in the obturator body to 
provide indication that the obturator* s distal end 67 has crossed 
the endocardiac surface 39. 

Figure 8 shows the construction and method of operation of an 
IS alternate delivery system for placement in the heart wall of a 
TMR device. Figure 8A shows a delivery system having a. pin 4 0 and 
handle 41 having a locking device 42. An obturator 43 is mounted 
in the pin 40. The obturator 43 has a recess 44 (Figure SB) to 
engage the distal end of a TMR device 45. The pin 40 has a recess 
20 46 (Figure 8B) to engage the proximal end of a TMR device 45. The 
method of use involves the placement of a TMR device 45 over an 
obturator 43. The pin 47 is then rotated to create a radial 
stress on the TMR device 48 (Figure 8D) . The pin 47 is locked 
into the handle 49 (Figure 8C) . Advancement trough the heart wall 
50 of the obturator and TMR device is achieved by pressing the 
obturator through the heart wall (Pigures- 8E, 8F) . The pin 51 is 
released from handle 52 by withdrawing the locking device S3 
(Figures 8G, 8R) . This causes the TMR device 54 to be released 
from the obturator S5. The obturator 55 is then pulled back from 
the heart wall 56 leaving the TMR device 57 imbedded in the heart 
wall (Figure 81) . 



25 



30 



Figure 9 shows a catheter 58 having a slidable wire 59 which 
terminates at its distal end into a needle point 60. A stent 61 
35 is mounted proximal to the needle point. Advancing the needle 
spreads the heart wall tissue and positions the stent into that 
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tissue. Withdrawal of the needle releases the stent in the heart 
wall. 

Figure 10 shows a catheter 62 which incorporates a slidable wire 
63 that terminates at its distal end into a drill or other 
mechanical attachment for making holes in the heart wall tissue. 
A stent 64 is mounted proximal to the drilling tool on the 
slidable wire. Advancing the drilling tool creates a channel in 
the tissue and positions the stent in this channel . withdrawal 
of the drilling tool releases the stent in the heart wall. 

The disclosed TMR device is expected to incorporate a cavity 
having a diameter in the range of 1-5 millimeters and a length 
in the range of 10-30 millimeters. The body of the tor device is 
made of a bio-compatible material that resists clot formation; 
such as stainless steel. The TMR device may also be coated with 
a material, such as gold or carbon, that further reduces thrombus 
formation at the surface of the TMR device. The TMR device may 
also be made from carbon, gold, platinum, or other suitable 
materials. 



The number ot TMR devices used for each patienc depends on the 
size of the device and the surface area of the heart segment that 
is being revascularized. For example, a small segment may require 
only one TMR device while a large segment may require 10 TMR 
devices to be implanted in the heart wall. 
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We claim: 

1. A device suitable for Trans Myocardial Revascularization 
(TOR) , wherein the improvement comprises a body which can 

be implanted in a heart wall in order to provide a conduit 
for the flow of blood nutrients from a heart chamber to 
said heart wall. 

2. The device in accordance with claim l wherein said body 
includes a cavity that is in fluid ccmmunicatioa with a 
heart chamber. 

3. The device in accordance with claim 2 wherein said device 
is made from a material chat resists thrombosis. 

4. The device in accordance with claim 2 wherein said cavity 
is coated with a material that resists thrombosis. 

5. The device in accordance with claim 2 wherein said body is 
made from a memory metal alloy. 

6 A device in accordance with claim l wherein said body 
includes a cavity that is in fluid communication with a 
portion of the heart wall. 

7. The device in accordance with claim l wherein said body is 
rigid. 

8. The device in accordance with claim l wherein said body is 
flexible. 

9. The device in accordance with claim 1 wherein said body is 
expandable. 

10. The device in accordance with claim 1 wherein said body is 
tubular. 
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11. The device in accordance with claim io wherein said tubular 
body is a rigid sleeve having at least one side pert. 

12. The device in accordance with claim io wherein said tubular 
body is a spring. 

13 . The device in accordance with claim 10 wherein said tubular 
body is a hollow screw having at least one side port. 

14. The device in accordance with claim 10 wherein said tubular 
body is a hollow wire screw having at least one side port. 

15. The device in accordance with claim 1 . wherei* said body 
includes a cavity and said cavity terminates at one end 
into a closure means. 

16. The device in accordance with claim i wherein said body 
includes means for securing said device to the heart wall . 

17. The device in accordance with claim i, further including 
valve means in said body. 

IB. The device in accordance with claim 1. further including 
pu.rp means in said body. 

19. A method for performing TOR consisting of the following 
steps: 

a. Identifying a portion of a heart wall that is targeted 
for treatment by TMR; 
Obtaining access to the heart wall; and 
Inserting a TMR device into the heart wall. 



c. 
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20. A method for performing TMR consisting of the following 
steps: 

a. Identifying a portion of a heart wall chat is targeted 
for treatment by TMR; 

b. Obtaining access to the heart wall; 

c. Creating a channel in the heart wall; and 

d. Inserting a TMR device into the heart wall. 

21. A delivery system suitable for delivery to a heart wall of 
a TMR device, characterized in that said delivery system 
consists of the following: 

a. Means to carry said TMR device; 

b. Means to penetrate the heart wall; and 

c Means to release said TMR device within the heart 
wall. 

22. A method for the placement in a heart wall of a suitable 
TMR device, said method including the step of insertion of 
said TMR device into the heart wall. 

23 . A method in accordance with claim 22 wherein said insertion 
is accomplished by turning the TMR device into th« heart 
wall. 

24. A method in accordance with claim 22 wherein said insertion 
is accomplished by pushing the TMR device into the hear- 
wan. 

25. A method in accordance with claim 22 wherein said insertion 
is performed by employing mechanical means. 



26. 



A method in accordance with claim 22 wherein said insertion 
is facilitated by the use of obturator means for spreading 
the heart wall during said insertion of said TMR device. 
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27. A method in accordance with claim 22 wherein said insertion 
is facilitated by the release into the heart wall of an 
expandable pre-stressed TMR device. 

28. A delivery device for inserting a TJ4R stent into a heart 
wall ,• said delivery device characterized in that a tubular 
body carries the stent and inserts said stent in the heart 
wall . 

29. The delivery device in accordance with claim 28 wherein 
said delivery device has a needle point for creating a 
pathway in the heart wall. 



30. 



31. 



The delivery device in accordance -.rich claim 28 wherein 
said delivery device has means for insertion of the scent 
inco said pathway. 

The delivery device in accordance with claim 28 wherein 
said tubular body has proximal and distal ends, and said 
delivery device has a channel that is in fluid 
communication with said proximal and distal ends. 
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AMENOED CLAIMS 

ceived by the International Bureau on 5 August 1997 (05 08 97)- 
original claims 1-18 amended; remaining claims 
unchanged (3 pages)] 

A stent fcr Trans Myocardial Revascularization in "a 
portion of a heart wall wherein the improvement 
comprises: an elongated body; the elongated body 
being adapted to be secured in an opening formed in 
a heart wall and including means for holding the 
elongated body in place in the heart wall openino. 

The stent of claim 1 wherein the elongated body has 
an outside, surface and an inside surface, and 
includes an internal cavity bound by the inside 
surface. 



The stent of claim 2, further including at least one 
opening connecting the internal cavity to the 
outside surface. 



The stent of claim 1 wherein the elongated tubular 
body is a rigid sleeve with at least one opening 
comprising a side port therein. 

The stent of claim 4 wherein the rigid sleeve has a 
plurality of side ports therein. 

The stent of claim 1 wherein the elongated tubular 
body is a spring. 

The stent of claim 1 wherein the elongated tubular 
body is a hollow screw with at least one opening 
comprising a side port in the hollow screw. 

The stent of claim 7 wherein the hollow screw has a 
plurality of side ports therein. 

The stent of claim 1 wherein the elongated tubular 
body is a hollow wire coil with at least one opening 
comprising a side port therein. 



AMENDED SHEET (ARTICLE 19) 
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10. The scent of claim 9 wherein the hollow wire ceil has 
a plurality of side ports therein. 

11. The stent of claim 1 wherein the elongated tubular 
body has an internal cavity with two ends, and one of 
the two ends closes the cavity at that end. 

12. The stent of claim 1 wherein the means for securing 
the elongated body in" place in an opening comprises an 
integral anchoring means. 

13. The stent of claim 12 wherein the elongated body is a 
spring having two ends and the integral anchoring 
means comprises a stem and an arm secured to cne of 
the two ends. 

14. The stent of claim 12 wherein the elongated body is a 
rigid sleeve having two ends with a plurality of 
openings extending through the rigid sleeve; and the 
integral anchoring means comprises a retaining means 
formed at one of the two ends. 

15. The stent of claim 12 wherein the elongated body is 
rigid and has two ends with a screw thread being 
formed on the -outside surface thereof; and a plurality 
of openings are formed in the elongated rigid body 
extending from the internal cavity to . the outside 
surface. 

IS. The stent of claim 15 wherein the screw thread formed 
on the outside surface is the integral anchoring 
means . 



AMENDED SHEET (ARTICLE 19) 
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17. The stent of claim 12 wherein the elongated body is a 
hollow wire coil having two ends and a plurality of 
openings formed therein; and the integral anchoring 
means comprises a mechanical anchor formed at one of 
the two ends. 

18. The stent of claim 1, - further including valve means 
and pump means secured in the elongated body, 

19. A method for performing TMR consisting of the 
following steps: 

a. Identifying a portion of a heart wall that 
targeted for treatment by TMR; 

b. Obtaining access to the heart wall; and 

c. Inserting a TiMR device into the heart wall. 



AMENDED SHEET (ARTICLE H 
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STATEMENT UNDER ARTICLE 19 



The replacement pages 8. 9 and 9A contain new claims l th-ouoh IB 
Sai? S,° ld C H'- mS ,} thrOUSh 18 ' Claira I- the °nly impendent 

C1 *f5? 2 through 18 are deoendent on claim l. an d have h«„ 
modified to include further specific structure. 

?S^h ; 8 P lac8n,ea « claims 1 through 18 are felt to more properly set 
forth the inventive stent, in view of the cited oatents inri J!5 
SS^' N ° cificati °» «* the 24th of April. Nothing new had SeS 
Sid y J£ e Vk?'* ClaimS 18. since the .pLiSeSioS S 

features drawings discuss and show all of the claimed 
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